Purpose: The purpose of this study was to investigate the effects of miR-29a on papillary thyroid cancer (PTC) and its underlying mechanisms. Methods: Primary tumor tissues and adjacent tissues of 69 patients with PTC were obtained. Human thyroid cell line Nthy-ori3-1 and PTC cell lines K1, BCPAP, TPC-1 were cultured. K1 cells were transfected and divided into following groups: blank group (without any treatment), miR-29a mimics group, control mimics group, miR-29a inhibitor group, control inhibitor group, DPP4 siRNA group, control siRNA group and miR-29a inhibitor + DPP4 siRNA group. qRT-PCR and Western blot were used to detect miR-29a and DPP4 expression. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and transwell assay were performed to detect cells proliferation, migration, and invasion. A nude mice xenograft experiment was performed. Results: miR-29a was significantly downregulated in PTC tissues, K1 and TPC-1 cells (P<0.01). DPP4 was significantly upregulated in the miR-29a inhibitor group and significantly downregulated in the miR-29a mimics group (P<0.01). DPP4 was the target gene of miR-29a. miR-29a significantly inhibited K1 cell proliferation, invasion, migration and PTC growth in nude mice by targeting DPP4 (P<0.01). Conclusion: miR-29a inhibits proliferation, migration, and invasion of PTC by targeting DPP4, which might provide a new target for clinical treatment of PTC.
Introduction
Papillary thyroid cancer (PTC) is a common endocrine malignancy that accounts for about 80-85% of all thyroid cancers. The cure rate of PTC is relatively high compared with other malignant tumors, but the relapse rate after treatment is also very high. Therefore, the recurrence has become the main cause of death in patients with PTC. 1 Studies showed that the occurrence of PTC was closely related to the expression or mutation of RAS, APAF-1, CD47 and Pax-8/PPAR genes. 2 miRNAs regulate the expression of most genes and participate in multiple biological processes. miRNAs also undergo abnormal changes in the development of PTC. Previous studies showed that the expressions of miR-574-5p and miR-146b were significantly increased in PTC tissues, which resulted in an increase in the metastatic potential of tumor lymph nodes. Thus, they were used as indicators of PTC preoperative monitoring and postoperative follow-up. 3, 4 In addition, Sondermann et al found that the expression levels of miR-9
and miR-21 in serum and tissues of PTC patients showed significant changes, and these changes were closely associated with tumor size, stage, and metastasis. They also could be used as two indicators of PTC monitoring and postoperative recurrence. 5 miRNAs autophagy in the development and progression of thyroid carcinomas. It has been found that miR-29a played an important regulatory role in many kinds of cancer cells, such as glioma, gastric cancer, and rectal cancer. The mechanism involved cell proliferation and the cell cycle, as well as other physiological processes. 6, 7 Li et al found that miR29a acted as a tumor suppressor, inhibiting the proliferation and migration of PTC by targeting AKT3. 8 In recent years, the effect and molecular mechanism of miRNA expression in PTC have received more and more attention. The dipeptidyl dipeptidase 4 (DPP4), an adenosine deaminase complex protein, was expressed in many organs and cell types. 9 In addition, it played an important role in various pathophysiologic processes, including diabetes and tumors. Ozog et al found that DPP4 increased significantly in PTC. 10 However, whether it could be used alone as a biomarker for the diagnosis of papillary thyroid cancer remained to be studied. To explore the mechanism of pathogenesis, we analyzed the expression of miR-29a and its regulation of DPP4 in this study. We hope this research may provide basic information and relevant testing indicators for clinical screening and re-examination. 
Material and methods

Tissues collection and ethical statement
Western blot detection of DPP4 expression
K1 cells of the miR-29a mimics group, the control mimics group, the miR-29a inhibitor group, and the control inhibitor group were collected after 48 h of incubation. Prechilled PBS was used to wash cells three times. Total protein in these cells was extracted by using whole cell lysis buffer (Nanjing KeyGen Biotech Co., Nanjing, China). Subsequently, the protein concentration was determined using a bicinchoninic acid assay (BCA) protein assay reagent kit (Beijing TransGen Biotech Co., Beijing, China). Then, 50 μg protein samples were subjected to 10% SDS-PAGE at 4°C for 2 h, followed by transferring to a polyvinylidene difluoride (PVDF) membrane by wet electrotransfer method at 4°C. The membrane was then blocked with 5% skim milk-tris-buffered saline-Tween 20 (TBST) for 2 h at room temperature. Rabbit anti-rat DPP4 primary antibody (1:1,000, Santa Cruz, Germany) was added for 12 h incubation at 4°C. After washing with TBST three times, the membrane was incubated with horseradish peroxidase (HRP)-labeled secondary antibody (1:2,000, Vector, USA) for 1 h at room temperature. GAPDH polyclonal antibody (1:1,000, Proteintech Group, Chicago, IL, USA) served as the control. Finally, blots were developed by a chemiluminescence detection system (ECL-Plus from Amersham, GE Healthcare UK Ltd, Little Chalfont, UK).
Luciferase reporter assay
Targeted relationships between DPP4 and miR-29a were predicted by TargetScan, and the exact target binding sites were also established. Based on the binding sites, the mutant-type and wild-type sequences of DPP4 3'UTR deletion miR-29a binding sites were designed and cloned. Then, these sequences were ligated into vectors, respectively, to transfect K1 cells. miR-29a mimics and its negative control mimics were also used to perform transfection on these cells. Based on the differences in transfection sequences, cells were grouped as follows: MT+mimics group (transfected with mutant-type sequences and miR-29a mimics), MT+NC group (transfected with mutant-type sequences and miR-29a negative control mimics), WT+mimics group (transfected with wild-type sequences and miR-29a mimics) and WT+NC group (transfected with wild-type sequences and miR-29a negative control mimics). All transfections were performed using lipofectamine 2000. Cells that have been successfully transfected were selected and cultured. Then, they were prepared into cell suspension at a density of 1×10 5 /mL and seeded in 24-well plates with 1 mL of suspension per well for 48 h of incubation at 37°C. The luciferase activity was determined using a dual luciferase reporter assay system (Promega Corporation, Fitchburg, WI, USA). 
MTT assay of cell proliferation
Transwell detection of cells migration and invasion ability
After 48 h of incubation, cells of each group were prepared as serum-free cell suspension and seeded in 24-well plates a density of 2×10 4 cells per well. DMEM containing 10%
FBS was added to the lower chamber of the Transwell chamber. After incubation in a thermostatic incubator for 24 h, the Transwell chamber was removed, and the residual culture medium in the upper chamber was gently removed. Formaldehyde was used to fix cells for 5 min followed by crystal violet staining for 10 min. Five fields were randomly selected for observation and photographing under an inverted microscope. The number of cells that passed through the membrane was considered as the number of migrating cells. For cell invasion assay, Matrigel gel was spread on the upper chamber of the Transwell chamber at first, and the other steps were the same as the migration capability test. The number of cells that passed through the Matrigel gel represented the number of invasive cells.
Nude mice xenograft experiment
Seventy-two nude mice were purchased from Beijing Chinese Academy of Sciences Laboratory Animal Center and were randomly divided into four groups (blank group, DPP4 DovePress siRNA group, miR-29a mimics group, DPP4 siRNA + miR29a inhibitor group). All animal assays were processed in accordance with the guide for the care and use of laboratory animals and approved by the ethics committee of Jining First People's Hospital. All these nude mice were housed in sterile laminar flow shelves at 25°C. Feed and water were sterilized. K1 cells of the blank group, the DPP4 siRNA group, the miR29a inhibitor group, and the DPP4 siRNA + miR-29a inhibitor group were suspended in PBS at a density of 1×10 7 /mL. Then, these cell suspensions were injected subcutaneously into nude mice with a total volume of 200 μL. Every week, three nude mice from each group were randomly selected, and subcutaneous tumor mass was removed. Tumor volume was calculated according to the following formula: 11, 12 Volume 
Statistical analysis
Differences between groups were tested using the Students's t-test. SPSS17.0 and GraphPad Prism 5.0 were used for data statistical analysis. P<0.05 indicated that the difference between groups was statistically significant.
Results
miR-29a expression decreased in PTC tissues and cells
We detected the expression of miR-29a in PTC tumor tissues and adjacent nontumor tissues as well as normal thyroid cells (Nthy-ori3-1) and PTC cell lines (K1, BCPAP, and TPC-1) by qRT-PCR. The results showed that miR-29a expression in tumor tissues was significantly lower than that in adjacent nontumor tissues (P<0.01) ( Figure 1A ). We also found that miR-29a relative expression in different PTC cell lines was lower than that in Nthy-ori3-1. Among them, the relative expression of miR-29a in K1 and TPC-1 cell lines was significantly different from that in normal thyroid cells (P<0.01), and the K1 cell line had the lowest miR-29a relative expression ( Figure 1B ).
Cell transfection efficiency
As shown in Figure 2A , miR-29a expression significantly decreased in the miR-29a inhibitor group compared with the control inhibitor group and the blank group (P<0.05). Similarly, the expression of miR-29a in the miR-29 mimics group was markedly higher than that in the control mimics group and the blank group (P<0.01). When compared with the control inhibitor group, miR-29a expression dramatically increased in the miR-29a inhibitor + DPP4 siRNA group (P<0.05). Figure 2B shows that DPP4 mRNA expression in the DPP4 siRNA group was significantly lower than that in the control siRNA group and the blank group (P<0.01). Moreover, DPP4 mRNA expression significantly increased in the miR-29a inhibitor + DPP4 siRNA group compared with the DPP4 siRNA group (P<0.05). All these results confirmed that K1 cells were successfully transfected.
miR-29a inhibited DPP4 expression
After transfected by miRNA-29a mimics or miR-29a inhibitor, DPP4 relative expression in K1 cells of each group was affected ( Figure 3A and B). DPP4 mRNA and protein relative expressions in the miR-29a inhibitor group were significantly higher than those in control inhibitor group (P<0.01). Meanwhile, when compared with the control mimics group, significantly decreased DPP4 mRNA and protein relative expressions were found in the miRNA-29a 
DPP4 was the target gene of miR-29a
TargetScan predicted that the binding site of DPP4 mRNA and miR-29a was the 3'-UTR region ( Figure 4A ). According to the results of the luciferase reporter assay, we found that the difference of luciferase activity between the MT + mimics group, and the MT + NC group was not statistically significant, while significantly lower luciferase activity in the WT + mimics group was observed when compared with that in the WT + NC group (P<0.01) ( Figure 4B ). Based on these results, we could confirm the regulatory effect of miR-29a on DPP4 expression.
miR-29a inhibited K1 cells proliferation by targeting DPP4
MTT assay results showed that OD 570 values of each group were all increased over time. It also should be noted that OD 570 values of the miR-29a inhibitor group were higher than those of the blank group with statistical differences (P<0.05) at 48 h and 72 h. When compared with the blank group, a significantly higher OD 570 value in the miR-29a inhibitor group (P<0.01) was found at 96 h. However, the OD 570 value of the DPP4 siRNA group was obviously lower than that of the blank group (P<0.05) at the same time. The difference of OD 570 values between the miR-29a inhibitor + DPP4 siRNA group and the blank group was not statistically significant all the time ( Figure 5 ). 
miR-29a inhibited K1 cells invasion and migration by targeting DPP4
According to the Transwell experiment, we observed that the cell count of migration and invasion in the miR-29a inhibitor group was both significantly higher than that in the blank group (P<0.01). In addition, dramatically lower numbers of migratory and invasive cells in the DPP4 siRNA group were found when compared with that in the blank group (P<0.05). However, there was no statistical difference in the number of migratory and invasive cells between the miR-29a inhibitor + DPP4 siRNA group and the blank group ( Figure 6A and B).
miR-29a inhibited PTC growth in nude mice by targeting DPP4
In this study, K1 cells of the blank group, the miR-29a inhibitor group, the DPP4 siRNA group, and the miR-29a
inhibitor + DPP4 siRNA group were transplanted into nude mice by subcutaneous injection. The results showed that, from 4 weeks after transplantation, the tumor volume in the miR-29a inhibitor group was always larger than that in the blank group (P<0.05). Furthermore, in the sixth week, significantly lower tumor volume in the DPP4 siRNA group was found when compared with that of the blank group (P<0.01). From 1 to 6 weeks, statistically significant tumor volume differences were not observed between the miR-29a inhibitor + DPP4 siRNA group and the blank group ( Figure 7A and B).
Discussion
PTC is a malignant tumor with a high recurrence rate, which causes a great risk to human health and life. 13 Its thorough treatment at the molecular level has caused clinical concern. However, the discovery of the exact therapeutic target remains a difficult problem in clinical research. In this paper, we found that miR-29a was a new therapeutic target for PTC, which could exert a suppressive effect on PTC cell proliferation, migration, and invasion. The underlying mechanism was through inhibiting the expression of DPP4. miRNAs play an important role in cell differentiation, proliferation, and apoptosis. Meanwhile, it is significantly associated with various clinical diseases such as cardiovascular, nervous system and metabolic diseases. Abnormal expression of specific miRNA may lead to the occurrence and development of tumors. Studies have shown that some miRNAs such as miR-221, miR-222, miR-146b, and miR199a were abnormally expressed in PTC. miR-29a participated in multiple biological processes, and has been implicated in various biological processes in colon, prostate, and gastric cancers, including cell proliferation, cell cycle, as well as cell migration and invasion. 6, 14, 15 Our results revealed that in PTC tumor tissues, miR-29a expression was significantly lower than in adjacent nontumor tissues.
In different PTC cell lines, the relative expression of miR29a was lower than that in normal thyroid cells. Among them, miR-29a relative expression in K1 and TPC-1 cell lines was significantly lower than that in normal thyroid cells. Li et al also found that miR-29a acted as a tumor suppressor for PTC by targeting the AKT3 gene. 16 In hepatoma cells, miR-29a-3p could inhibit cell proliferation and migration by downregulating IGF1R, and similarly, miR29a could inhibit cell proliferation and induce apoptosis by inhibiting STAT3 expression in rheumatoid arthritis. 17 Moreover, miR-29a-3p could inhibit proliferation and invasion of papillary thyroid carcinoma by suppressing NF-κB signaling via direct targeting of OTUB2. 18 Ma et al found in their research that miR-29a could target schwannoma cells, thereby inhibiting cell proliferation and migration. 19 In this paper, we observed that miR-29a could inhibit K1 cells proliferation, migration, invasion and tumor growth in nude mice by inhibiting the expression of DDP4. DPP4 is adenosine deaminase complex protein. Recent studies have found that DPP4 played an important role in various pathophysiologic processes, such as the development of inflammatory diseases, diabetes, and even cancers. 20 Researchers havealsofound that DPP4 was closely related to immune regulation, signal transduction, and apoptosis. 21 There was an article revealing that DPP4
inhibitors had a therapeutic effect on type 2 diabetes, which was an incretin-based drug. Currently, several DPP4 inhibitors have been applied clinically, and they could stimulate pancreatic b cells to secrete insulin by increasing incretin hormones level, such as glucagon-like peptide. 22 DPP4 was also reported to have a renal protective effect, and for diabetic nephropathy, DPP4 inhibitors could reduce proteinuria and glomerulosclerosis. [23] [24] [25] In a mouse model of pancreatic beta cell injury, DPP4 inhibitors could play a protective role on the cells and promote the proliferation of islet beta cells. 26 Wronkowitz experimentally confirmed that DPP4 could enhance the proliferation and immunity of human smooth muscle cells through protease-activated receptors. 27 Davies et al also reported that DPP4 had biological effects on tumor cells, such as malignant mesothelioma, colorectal cancer, as well as chronic myeloid leukemia, which was associated with several tumors malignant activity. 28 However, few studies have confirmed the role of DPP4 in PTC currently. In our research, we concluded that miR-29a could inhibit the proliferation, invasion, and migration of PTC cells as well as tumor growth in nude mice by inhibiting the expression of DPP4.
Conclusion
In summary, miR-29a can inhibit the proliferation, invasion, and migration of PTC cells as well as tumor growth in nude mice by targeting DPP4. This study provides a new target for the clinical control of proliferation, migration, and invasion of PTC at the gene level. The development of PTC is a complex process involving various mechanisms. We only investigated the relationship between miR-29a and DDP4 in the study. In the future, we will study more targets, such as NF-κB and OTUB2.
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